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a  b  s  t  r  a  c  t
The  skin  has  an  important  role  in  infection  by Leishmania  chagasi.  Apoptosis  modulates
the  inﬂammatory  response  acting  distinctively  either  on  the  progression  or regression
of  the  lesions.  The  parasites  interact  with  multiple  regulatory  systems  inducing  apopto-
sis in  host  cells,  during  cell  invasion,  stabilization  and  multiplication  of pathogens.  In
this  context,  the  aim  of  this  study  was  to  evaluate  cell  death  within  the  inﬂammatory
inﬁltrates,  and  to correlate  these  results  with  parasite  load  and  clinical  features  of dogs
naturally  infected  with  L. chagasi.  Fragments  of  skin  pinnas  (8 symptomatic  + 8 asymp-
tomatic  +  6 negative  controls)  were  used  to characterize  and  measure  the  inﬂammatory
response,  parasite  load  and  apoptosis.  Diagnosis  of  canine  leishmaniasis  was  conﬁrmed
by the  detection  of  anti-Leishmania  antibodies  by  IFA and  ELISA  in  serum,  direct  visual-
ization  of the  parasite  and culture  in  spleen,  liver,  pinna,  bone  marrow  and  lymph  nodes,
and  PCR  (pinna).  Histomorphometry  was  performed  with  images  obtained  from  20 repre-
sentative histological  ﬁelds  in  a light  microscope.  Ultra-thin  sections  were  mounted  over
a 300  mesh  grids,  contrasted  with  2%  uranyl  acetate  and  lead  citrate  and  examined  under
a Transmission  Electronic  Microscopy.  Amastigotes  were  only  found  in  the  skin  of  symp-
tomatic  animals  (31.94  ± 18.81).  The  number  of  foci  and  cellularity  of the  inﬂammatory
inﬁltrates  in  symptomatic  dogs  were  higher  than  in  other  groups  and  in  asymptomatics
were  higher  than  in  controls  (p  <  0.05; Tukey).  The  average  area,  perimeter  and  extreme
diameters  of the  inﬂammatory  inﬁltrates  obtained  in  symptomatic  dogs  were  higher  than
in controls  (p  <  0.05;  Tukey).  The  apoptotic  index was  higher  in  symptomatic  than  in  other
groups and  there  was  no  difference  between  asymptomatics  and  controls  (p  <  0.05;  Tukey).
Ultrastructurally,  apoptotic  cells  were  shrunken,  with  condensed  nuclear  chromatin  and
cytoplasm. Condensed  nuc
tation occurred  only  in  sy
and macrophages.  Apopto
response  and  clinical  man
∗ Corresponding author at: Laboratory of Apoptosis, Department of General Pa
erais, Av. Antônio Carlos, 6627 Pampulha, Belo Horizonte, MG,  CEP 31270-901, 
E-mail address: anilton@icb.ufmg.br (A.C. Vasconcelos).
304-4017/© 2012 Elsevier B.V. 
ttp://dx.doi.org/10.1016/j.vetpar.2012.04.035
Open access under the Elsevier OA license.lei  were  frequently  fragmented.  Internucleosomal  DNA  fragmen-
mptomatic  cases.  Amastigotes  were  observed  within  neutrophils
sis  is  directly  related  to  parasite  load,  intensity  of  inﬂammatory
ifestations  in  L. chagasi  naturally  infected  dogs.
© 2012 Elsevier B.V. 
thology, Institute of Biological Sciences, Universidade Federal de Minas
Brazil. Tel.: +55 31 3409 2881; fax: +55 31 3409 2879.
Open access under the Elsevier OA license.
ry ParasB.L.A. Verc¸ osa et al. / Veterina
1. Introduction
Visceral leishmaniasis (VL) is an endemic zoonosis
caused, in Brazil, by the Leishmania chagasi, similar to Leish-
mania infantum (Mauricio et al., 2000). It is transmitted
by the phlebotomine sand ﬂy Lutzomyia longipalpis (Deane
and Deane, 1955; Lanzaro and Warburg, 1995). Dogs are the
main domestic and peridomestic reservoir host for human
visceral leishmaniasis in endemic foci of zoonotic leishma-
niasis (Gramiccia and Gradoni, 2005; Baneth et al., 2008).
The diagnosis of VL in endemic areas is not always an
easy task. Several current methods present low sensitivity
and/or speciﬁcity rates (Reed, 1996). Even though it is not
widely used, the PCR technique is a valuable tool, eliminat-
ing false negative results, especially in scientiﬁc research. In
these cases, the PCR technique is indispensable for show-
ing the absence of contact between animal and parasite
(Solano-Gallego et al., 2001).
Apoptosis is a mechanism of regulated elimination of
cells (Kerr, 1993) which takes part in the evolution of
lesions triggered by several microorganisms, including
Leishmania sp. (Moreira et al., 1996; Das et al., 2001; Lee
et al., 2002). It participates actively in modulation of the
inﬂammatory response (Weinrauch and Zychlinsky, 1999;
Carrero et al., 2004). The resolution of inﬂammation is char-
acterized by large numbers of cells in apoptosis within the
inﬂammatory sites (Fadok et al., 1998; Huynh et al., 2002;
Maderna and Godson, 2003; Eda et al., 2004).
Apoptosis modulates distinctively the progression (Das
et al., 1999) or regression (Conceic¸ ão-Silva et al., 1998;
Huang et al., 1998) of the lesions caused by Leishmania
sp. The parasites interact with multiple regulatory systems
inducing apoptosis in host cells, during the cell invasion,
stabilization and multiplication of pathogens (Carmen and
Sinai, 2007). Furthermore, apoptosis also occur in other cel-
lular elements and even on the own parasite (Lindoso et al.,
2004), as a form of population control or due to nutritional
restrictions (Welburn and Maudlin, 1997; Knight, 2002).
When the infected phlebotomine bites the vertebrate
host, both apoptotic and viable forms of promastigotes are
inoculated into the skin. Being located in the phlebotomine’
superior part of the digestive tract, the apoptotic pro-
mastigotes are the ﬁrst cells to be inoculated (Wanderley
et al., 2009). Apoptotic promastigotes dysfunction the
leishmanicidal activity of the host cells, increasing the
parasite’s virulence (Van Zandbergen et al., 2006) and con-
tributing to the survival of viable parasites (Wanderley
et al., 2009). Infection causes tissue irritation, recruiting
neutrophils to that location, which recognize and phagocy-
tize both apoptotic and viable promastigotes. The infection
of these cells increases the levels of macrophage inﬂamma-
tory protein-1  which recruits macrophages and performs
phagocytosis of apoptotic polymorphonuclear (PMN) neu-
trophils containing several viable forms of L. chagasi (Van
Zandbergen et al., 2004).
In this context, the aim of this study was to evaluate
the cell death in inﬂammatory inﬁltrates, its cellularity and
number of foci, and to correlate these results with parasite
load and clinical features of dogs naturally infected with L.
chagasi.  To our knowledge, this is the ﬁrst morphometrical
approach of inﬂammation and the ﬁrst report of occurrenceitology 189 (2012) 162– 170 163
of apoptosis in inﬂammatory cells in vivo involving natural
infection with L. (L.) chagasi.
2. Materials and methods
2.1. Animals and diagnosis of visceral leishmaniasis
A total of 16 positive and six negative-tested dogs
previously examined for VL were used. Macroscopic skin
lesions due to secondary infections in the pinna region
were considered as criteria of exclusion. To conﬁrm L.
chagasi infection, blood samples were taken to detect
anti-Leishmania antibodies by IFA and ELISA and needle
aspiration of the popliteal lymph node and bone marrow
was performed in each dog, to direct visualization of the
parasite and culture. Once conﬁrmed the infection, they
were euthanatized and submitted to necropsy for sample
collection. Before ﬁxation of the samples (spleen, liver, skin
and lymph nodes), imprints of the cut surface on cleaned
slides were taken to direct visualization of the parasite and
conﬁrm visceralization of the infection. Myelograms and
imprints of popliteal lymph nodes, spleen, liver and skin
were stained with Giemsa, for parasitological visualization
(Mikel, 1994). Aspirates from spleen, liver, bone marrow
and lymph node were also cultured for promastigotes in
NNN-phase Schneider’s liquid medium. Polymerase Chain
Reaction was performed to detect parasites only in pinna
skin extracted DNA, using a target sequence of Leishmania
donovani complex.
Anti-Leishmania antibodies were detected in all infected
animals, the titers ranging from 1:40 through 1:640. All
infected animals (symptomatic and asymptomatic) were
positive in PCR and at least two  of the three parasitological
tests (Giemsa, culture and immunohistochemistry) in dif-
ferent organs. Animals regarded as non-infected controls
had negative results in all tests, including PCR.
Efforts were made to avoid all unnecessary distress
to the animals. Housing, anesthesia and all procedures
concurred with the guidelines established by our local
Institutional Animal Care and Use Committee that also
reviewed and approved this work (CETEA, Universidade Fed-
eral de Minas Gerais,  protocol n◦ 198/2007, approved on
03/27/08).
2.2. Experimental design
Eight VL-positive dogs (by serological and parasito-
logical analysis) were used in this experiment, with the
exception of the control group. Animals were divided into
three groups: (a) Eight VL-positive animals with clinical
signs of the disease; (b) eight positive animals, with no
clinical signs; and (c) six VL-negative control animals. Stan-
dards used to group the animals followed the Pozio et al.
(1981) classiﬁcation.
2.3. Collecting and processing post-mortem samples:The animals were tranquilized with Acepromazine 1%,
anesthetized with Sodium thiopental 2.5%. After this pro-
cedure, the animals were euthanatized with an overdose of
sodium thiopental 7.5% (75 mg/kg) for further pos-mortem
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xamination. Skin fragments from the pinna region were
ollected and routinely processed for histological analysis.
lides 5 m thick were stained with H&E, Shorr, Giemsa
emnert and immunoperoxidase. Goodpasture and Gro-
ott staining were performed to discard the possibility of
acterial or fungal infections (Luna, 1968).
.4. Immunohistochemistry for the detection of
mastigotes of L. chagasi
To detect amastigote forms of Leishmania in skin tis-
ues, slides were incubated with polyclonal dog antibody
nti-L. chagasi on a 1:100 dilution (Tafuri et al., 2004).
he reaction was then optimized with a LSAB® Sys-
em – HRP (Biotinylated Link Streptavidin – HRP, DAKO
orporation, Carpinteria, USA) system, revealed with a 3.3′-
iaminobenzidine (DAB) solution in 0.024% PBS (Sigma
hemical, USA) and counterstained with Harris hema-
oxylin (Sigma Chemical, USA). Fragments of dog skin
nfected with L. chagasi were used as positive controls.
eaction negative controls were incubated with only PBS.
.5. Polymerase chain reaction (PCR)
Skin samples from all dogs were submitted to DNA
xtraction, with the “Genomic DNA from tissue kit”
NucleoSpin®Tissue, Macherey-Nagel, Durën, Germany).
olymerase chain reaction was performed with a GoTaq®
reen Master Mix  Kit (Promega Corporation, Madison, WI),
sing primers from the speciﬁc L. donovani DNA sequence,
s described by Piarroux et al. (1993).  A DNA sample
rom a previously tested infected dog was used as PCR
enerated positive control, as well as a L. chagasi DNA,
HOM/BR/1967/BH46 strain. DNAs from non-infected
ogs were used as negative control, along with a reaction
ontrol with no DNA. The PCR-ampliﬁed products were
nalyzed through electrophoresis in non-denaturing 5%
olyacrylamide gel in TBE. After electrophoresis, the gels
ere transferred to a ﬁxed solution and were digitally pho-
ographed.
.6. Histological and morphometric analysis of skin
ragments
Inﬂammatory inﬁltrates were characterized as: (a) dis-
rete and focal: with a small isolated foci of inﬂammatory
ells, (b) moderate and multifocal: with coalescent foci
nd (c) severe and diffuse: with large diffuse areas, as
escribed by Solano-Gallego et al. (2004).  Morphometry
as conducted in a blind assay, using digitalized pictures
n Kontron KS300 2.0 image analyzer (area, perimeter
nd extreme diameters of the inﬂammatory foci) and in
edia Cybernetics Image-Pro Plus 4.5 (cellularity, apop-otic index within the inﬂammatory foci; besides parasite
oad in the skin). The minimum number of twenty repre-
entative ﬁelds per animal was obtained from ﬁfty initial
elds, according to Moro et al. (2004).itology 189 (2012) 162– 170
2.6.1. Histomorphometric analysis of inﬂammatory
response
Histological ﬁelds were selected to morphometry by
the presence of inﬂammatory inﬁltrates, here consid-
ered as groups of three or more inﬂammatory cells. Cell
counting took place in ﬁelds with 356,207 m2, obtained
with a 10× objective, evaluating a ﬁnal total skin area of
7124.140 m2.
2.6.2. Quantiﬁcation of parasite load
Amastigotes were counted in slides stained by
immunoperoxidase under a light microscope. Twenty
ﬁelds of 23437.6 m2 (40× objective) were selected among
those showing positive brownish dots (L. chagasi) evaluat-
ing a ﬁnal total skin area of 468,752 m2.
2.6.3. Obtaining the apoptotic index (AI)
Apoptotic cells were counted in Shorr stained slides,
by a single observer, considering the simultaneous pres-
ence of at least three peculiar morphological features of
the process, according to Moro et al. (2004):  Shrunken
anoykic cells (cellular retraction, dehydration and loss of
adherence between cells and basement membrane); cyto-
plasmic and nuclear condensation (nuclear chromatin in
homogenous dense masses, aligned on the internal side
of the nuclear membrane, sometimes forming “crescent”
or “black hole” images); nuclear fragmentation (convo-
lution and fragmentation of the nuclear membrane –
without karyorrhexis or rupture); cellular fragmenta-
tion (with formation of apoptotic bodies). The apoptotic
index was  determined by the following formula:(1)(AI) =(∑
number of apoptotic cells∑
total number of cells
)
× 100
2.6.4. Genomic DNA fragmentation analysis
Fragments of ∼200 mg  of the skin of each pinna were
collected in a microfuge tube containing hypotonic lysis
buffer TTE (10 mM Tris, 0.25% Triton X-100, 1 mM EDTA)
and used for isolation of genomic DNA and electrophoresis.
DNA was  quantiﬁed using the nanodrop 1000 Spectropho-
tometer (Thermo scientiﬁc, Welmington, DE, USA). Aliquots of
1500 ng were submitted to 1.8% agarosis gel electrophore-
sis during 1 h and 30 min  at 60 V. The gel was stained with
ethidium bromide, transiluminated with ultraviolet light
and photographed in the Digital Photodocumentation Dig-
ital system KODAK Gel Logic 2200.
2.7. Transmission electronic microscopy
Fragments of the skin of each pinna were collected
and processed for Transmission Electronic Microscopy.
Ultra-thin sections were mounted over a 300 mesh grids,
contrasted with 2% uranyl acetate and lead citrate, accord-
ing to Reynolds (1963) and examined under a Transmission
Electronic Microscopy Zeiss EM 10 (Carl Zeiss, 7082
Oberkochen, West Germany) (Watson, 1958).
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2.8. Statistical analysis
Data collection and statistical tests were performed
using blind analysis (Cochran and Cox, 1957). Morpho-
metric results were submitted to the Lilliefors test for a
Gaussian distribution and to a Cochran–Bartlett test to
evaluate the homogeneity of the variances. Data with Gaus-
sian distribution were subjected to the analysis of variance
and Tukey’s multiple comparison procedure. Association
between parameters was tested by Chi-square test. In order
to verify an eventual correlation between variables, the
Pearson test (Gaussian distribution data) and the Spearman
test (non-normal data) were used.
3. Results
3.1. Epidemiological aspects and clinical signs of dogs
with canine leishmaniasis
Most of the dogs used in this study were male and
weighed from 6.9 kg to 13.8 kg. All dogs were also adults
and mongrels. The main clinical manifestations of symp-
tomatic animals were: lymphadenomegaly, conjunctivitis,
hepatosplenomegaly and onychogryphosis, as summarized
in Table 1. Skin lesions were restricted to generalized dry,
ﬂaky skin, alopecia and seborrhea. Also discolored nose and
extremities showed some sparse ulcerations.
3.2. Descriptive histopathology
All skin fragments of the VL positive dogs showed
inﬂammatory inﬁltrates. Inﬂammation was associated
with clinical manifestations and parasite load (p < 0.01;
Chi-square test). Inﬂammatory inﬁltrates varied from
intense and/or moderate in symptomatic to discrete and/or
negligible in asymptomatic and control animals. Symp-
tomatic dogs usually showed multifocal inﬂammatory
inﬁltrates located around the hair follicles, blood vessels,
and in the subepidermal region. Diffuse inﬂammatory inﬁl-
trates were less frequently observed. Macrophages were
predominant with lymphocytes and rare plasmocytes.
Neutrophils were diffuse mainly located in dermis only in
this group, associated with high parasite load. Amastigotes
were observed with a variable intensity.
Asymptomatic dogs usually showed multifocal to focal
inﬂammatory lesions, located mainly in perifollicular,
perivascular and, rarely, in subepidermical regions. They
were consisted of macrophages, lymphocytes and plasmo-
cytes. Non-infected control dogs also showed negligible
focal inﬂammatory inﬁltrates, consisting of macrophages,
lymphocytes and rare plasmocytes. Leishmania amastig-
otes were not found in the skin samples of asymptomatic
and non-infected control groups.
3.3. Morphometric analysis of the inﬂammatory response
The number of inﬂammatory foci and their cellularity
were higher in symptomatic dogs than in other groups.
In asymptomatics, they were higher than in controls
(p < 0.05; Tukey). The average area, perimeter and extreme
diameters of the inﬂammatory inﬁltrates were higher initology 189 (2012) 162– 170 165
symptomatic dogs than in controls (p < 0.05; Tukey). Symp-
tomatic animals also showed a higher apoptotic index than
asymptomatic and control animals (p < 0.05; Tukey). The
number of inﬂammatory foci, area, perimeter, extreme
diameters, cellularity and apoptosis of the inﬂammatory
inﬁltrate of symptomatic, asymptomatic and control ani-
mals are shown in Table 2.
3.4. Parasite load quantiﬁcation
Amastigotes were found only in the skin of symptomatic
animals (Fig. 1A). None of the asymptomatic and control
animals presented L. chagasi amastigotes. In symptomatic
animals, 31.94 ± 18.81 parasites was  found in 23437.6 m2
of skin, equivalent to one ﬁeld out of 20 in morphometry.
In these animals, immunolabeled amastigotes were located
mainly inside the macrophages and neutrophils (Fig. 1B).
The correlation values between inﬂammatory results and
parasite load are shown in Table 3.
3.5. Apoptotic cells in inﬂammatory inﬁltrates
Apoptotic cells were found within the inﬂammatory
inﬁltrates of all groups (Fig. 1C and D) but were higher
in symptomatic animals (p < 0.05; Tukey). Results were
conﬁrmed through agarosis gel electrophoresis of the
genomic DNA, which presented a “ladder” pattern, sugges-
tive of internucleosomal fragmentation and apoptosis only
to the symptomatic animals. Asymptomatic and controls
maintained most of the genomic integrity (Fig. 2). The cor-
relation values for inﬂammatory response and apoptotic
index are shown in Table 3.
Ultrastructurally, apoptotic cells were shrunken, with
condensed nuclear chromatin and cytoplasm. Condensed
nuclei were frequently fragmented. Leishmania were seen
around and inside apoptotic macrophages (Fig. 3).
4. Discussion
Symptomatic animals showed a more severe inﬂam-
matory response associated with a higher apoptotic index.
These results, not quite similar in the literature, may point
out to a complex host–parasite relationship involving not
only the modulation of inﬂammation, but also the pro-
gression of the infection and the clinical evolution of the
disease. Conducting this innovative approach in morphom-
etry, we could quantify apoptosis within the inﬂammatory
inﬁltrates, evaluate the intensity of the inﬂammation,
count the parasite load and ﬁnally interpret all together
in different clinical presentations of the disease.
Leishmania induced inﬂammatory response in the skin,
with variable distribution and intensity, but more intense
in symptomatic dogs. Such results corroborate with our
previous study (Verc¸ osa et al., 2008, 2011) whereby the
skin of symptomatic dogs have amastigotes and inﬂam-
matory inﬁltrates, awhile asymptomatic animals have
an inﬂammatory proﬁle similar to uninfected controls.
Besides that, histological lesions in our material were
similar to the ones reported by Xavier et al. (2006)
and Giunchetti et al. (2006),  and not granulomatous as
described by Solano-Gallego et al. (2004) and Dos-Santos
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Table 1
Summary of the epidemiological aspects and clinical signs of the Leishmania-infected dogs and non-infected controls.
Animal Clinical status Epidemiological
data
Clinical
signsb
Sex Body
weighta
Skin lesions Lymphadenomegaly Conjunctivitis Onychogryphosis Hepatosplenomegaly Fever Pale
membranes
01 Symptomatic F 12.3 A, B, E + + − + + +
02 Symptomatic F 10.4 A, C, D + + − + − −
03  Symptomatic F 9.5 − + − − + − −
04 Symptomatic M 13.8 − − + − − − −
05  Symptomatic M 10.7 − + + − − − −
06 Symptomatic F 12.3 − − − − + − −
07 Symptomatic F 11.4 − + − + − − −
08 Symptomatic M 10.6 A, C + + + − + −
09 Asymptomatic F 11.7 − − − − − − −
10  Asymptomatic M 9.3 − − − − − − −
11 Asymptomatic F 8.8 − − − − − −  −
12 Asymptomatic F 9.4 − − − − − − −
13  Asymptomatic F 6.9 − − − − − − −
14  Asymptomatic M 9.5 − − − − − − −
15 Asymptomatic F 7.6 − −  − − − − −
16  Asymptomatic F 10.3 − − − − − − −
17  Control M 12.4 − − − − − − −
18 Control F 9.8 − − − −  − − −
19  Control M 10.3 − − − − − − −
20  Control F 11.5 − − − − − − −
21 Control F 9.9 − − − − − − −
22 Control F 8.7 − − − − − − −
Skin lesions were represented as: A – alopecia, B – dry, ﬂaky skin, C – seborrhea, D – discolored nose and E – extremities ulcerations.
a Values expressed in kg.
b + = presence, −= absence.
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Fig. 1. (A) Amastigotes in the skin of symptomatic dogs with visceral Leishmaniasis. Immunoperoxidase, Barr = 32 m. (B) Amastigotes inside the
macrophages (black arrow) and neutrophils (white arrow). Immunoperoxidase
the  subepidermal region. Shorr, Barr = 32 m.  (D) Morphological features of Apop
and  basement membrane. Cytoplasmatic and nuclear condensation (black arrow
Fig. 2. Genomic DNA fragmentation analysis – skin of Leishmania infected
and control dogs. Agarosis gel electrophoresis of the genomic DNA show-
ing  a “ladder” pattern in symptomatic animals (S) and genomic integrity
in  the asymptomatic (A) and controls (C). M = 100 bp Marker., Barr = 16 m.  (C) Inﬂammatory inﬁltrate around the blood vessels in
tosis: Shrunken inﬂammatory cells with loss of adherence between cells
s). Shorr, Barr = 16 m.
et al. (2004).  All our histomorphometric results (area,
perimeter and extreme diameters of the inﬂammatory foci)
of inﬂammation were correlated with the apoptotic index
(R > 0.60) and supports a role of apoptosis in modulation
of the inﬂammatory response, as pointed out in other sys-
tems by Weinrauch and Zychlinsky (1999) and Carrero et al.
(2004).
The interaction between parasite and host in VL is quite
enigmatic. Inﬂammation as a mechanism of host defense
against parasitic infection plays an important role in gen-
eration of clinical signs, expressing the disease. However,
depending on the stimuli and on the involved recep-
tors, the activation response of macrophages in relation
to phagocytosis of apoptotic or necrotic cells may  have an
anti-inﬂammatory or a proinﬂammatory proﬁle (Krysko
et al., 2006). This may  be the link to better understand
interactions between parasite load, inﬂammation, apopto-
sis and clinical evolution of the VL. Thus, it seems likely
the exacerbation of an anti-inﬂammatory or proinﬂam-
matory responses will determine the success or failure of
Leishmania infection and the intensity or scarcity of clinical
manifestations.
Symptomatic animals with parasites in skin showed
consequently more intense inﬂammatory reaction and
higher apoptotic indices. Persistence of Leishmania within
the inﬂammatory site may  have maintained the pro-
inﬂammatory proﬁle. Also, if parasite is the primary target
of macrophage phagocytosis rather than the clearance
168 B.L.A. Verc¸ osa et al. / Veterinary Parasitology 189 (2012) 162– 170
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Fig. 3. Transmission Electron Microscopy – skin of symptomatic dogs
with VL: Shrunken apoptotic macrophage, with condensed nuclear chro-
matin and cytoplasm (arrow head). Leishmania (*) were seen around
apoptotic and non-apoptotic macrophages (m). Barr = 2 m.
of apoptotic bodies, inﬂammation will be expected to
enhance. So, even if the parasite can induce apoptosis in an
attempt to halt the inﬂammatory and immune response,
the non-elimination of apoptotic bodies just keeps active
the inﬂammation. Furthermore, apoptotic cells, when not
cleared in an appropriate time, undergo late lysis, lose
membrane integrity and consequently their intracellular
constituents are released into the extracellular medium
behaving like necrotic cells and thus activating inﬂamma-
tory mediators (Savill et al., 2002; Cohen et al., 2002).
Amastigotes were found only in skin of symptomatic
animals, in contrast to reports by Xavier et al. (2006) and
Deane and Deane (1955).  Similar results were obtained
by other authors (Dos-Santos et al., 2004; Solano-Gallego
et al., 2004; Verc¸ osa et al., 2008, 2011). The parasite load
and inﬂammatory response are directly related to the clin-
ical condition of the animals as previously described by
Giunchetti et al. (2006) and Verc¸ osa et al. (2008).
Neutrophils were observed only in the skin of symp-
tomatic animals, associated with high parasite load.
Furthermore, neutrophils actively participate at least in the
initiation of leishmaniasis (Tacchini-Cottier et al., 2000;
Rousseau et al., 2001; Peters et al., 2008). Afonso et al.
(2008) showed an increased number of infected cells and a
higher parasite load after addition of apoptotic neutrophils
on infected cultured macrophages. Moreover, the clearance
of apoptotic neutrophils by macrophages increases the par-
asite load, as observed in mice infected with Leishmania
(L.) major by Ribeiro-Gomes et al. (2005).  In addition, fully
intact promastigotes of L. major were viewed in apoptotic
neutrophils and within macrophages phagosomes (Van
Zandbergen et al., 2004).
Apoptosis is a factor that decreases the inﬂammatory
response by removing infected and uninfected cells. By the
other hand, it could be a pathway used by the parasite to
disseminate and survival. In this context, the role of apopto-
sis in the resistance or susceptibility of the host to infection
is complex and also requires a characterization of the
inﬂammatory response and an evaluation of the parasite
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Table  3
Correlation coefﬁcients obtained to morphometric parameters of the inﬂammatory inﬁltrate, parasite load and apoptotic indices in the skin of Leishmania
chagasi  naturally infected (symptomatic, asymptomatic) and control dogs.
Correlation coefﬁcients – morphometric parameters of the inﬂammatory inﬁltratesh
Number of focia Total areab Total perimeterc Minor diameterd Major diametere Number of
cellsf
Apoptosisg
Parasite load 0.54 0.49 0.52 0.53 0.20 0.42 0.45
Apoptosis 0.68 0.71 0.74 0.75 0.63 0.70 –
a Number of inﬂammatory foci.
b Total area of inﬂammed foci.
c Total perimeter of inﬂammed foci.
d Minor diameter.
e Major diameter.
 0.69 mof Cellularity within the inﬂammatory inﬁltrates
g Apoptotic index within the inﬂammatory inﬁltrates.
h Values ranging from 0 to 0.29 indicate weak correlation, from 0.30 to
load. The diversity in parasite load and inﬂammatory pat-
terns in animals with and without clinical manifestations
of VL will be the key for the better understanding of the
parasite–host interaction.
5. Conclusion
There is an association between apoptosis, parasitic
load, intensity of inﬂammatory response in the skin and
clinical manifestations in L. chagasi naturally infected dogs.
Symptomatic animals have a more intense inﬂammatory
response and increased apoptosis associated with the pres-
ence of parasites.
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